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Creatinine generation rate and lean body mass: A critical analysis in
peritoneal dialysis patients. Calculation of creatinine generation rate
(CGR) has been reintroduced as a method to estimate lean body mass
(LBM) in dialysis patients. It has also been suggested that it be used to
identify noncompliance with dialysis prescription. In order to evaluate this
method, LBM calculated from CGR (LBMCGR) was compared to 48
simultaneous estimations of LBM from measurements of total body
potassium (TBK) in 35 patients on peritoneal dialysis (PD). TBK (mmol)
was measured in a whole body counter and LBM (kg) was calculated as
TBK/68.1 (Forbes). CGR was calculated with and without inclusion of
"metabolic degradation" of creatinine. LBMCOR was further estimated
using two different equations based on results in healthy subjects, one
from a group on an ad libitum diet, the other from a group on a meat-free
diet. The intercept of the two equations differs by 13 kg. CGR systemat-
ically underestimated LBM when compared to TBK, but to a lesser degree
when using the equation based on a meat-free diet. Repeated determina-
tions of CGR in 11 stable patients revealed an unacceptably high
coefficient of variation (CV%) for LBM, 14.2%, while body wt CV was
1.4%. We conclude that CGR is not a valid method to monitor LBM in
PD patients. CGR is highly variable and in part dependent on meat intake,
as is the relation between CGR and LBM. For the same reasons, it seems
unwise to draw conclusions of noncompliance of PD-patients from
determinations of CGR.
Malnutrition is a common complication in chronic dialysis
patients and is associated with increased morbidity and mortality
[11. As the effects of malnutrition develop gradually over time,
there is a need for methods to detect the early consequences of
deficient energy and protein intake.
Recent studies from Keshaviah et al [2] reintroduce creatinine
generation rate (CGR) as a means to estimate lean body mass
(LBM) or, more specifically, muscle mass. The relationship
between creatinine excretion and muscle mass has long been
known. Urinary creatinine excretion was initially considered to be
constant in the individual, and was recommended as a proof of the
completeness of a 24-hour urine collection, in addition to being a
measure of muscle mass [3]. More recently, this constancy has
been questioned [4, 51.
Creatine, the endogenous source of creatinine, is almost exclu-
sively found in muscle tissue and the concentration in other body
compartments is low. Creatine and its second form phosphocre-
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atine are metabolized to creatinine at a fairly constant and slow
rate in healthy individuals, 1.1 to 2.6% per day, at a constant
intracellular temperature and pH [6]. This is the basis for assum-
ing that creatinine generation is an indirect measure of muscle
mass.
Ingested meat provides both creatine and creatinine (the latter
especially when meat is well cooked). Creatinine from exogenous
sources is readily excreted in the urine [7] while ingested creatine
enters the creatine pool in muscle. With long-standing low
creatine intake, the creatine pool decreases together with the
creatinine excretion [8—101. However, LBM is maintained as long
as the protein intake is adequate. Consequently, the composition
of the diet has an important influence on creatinine excretion.
Determination of CGR as a measure of LBM has several
theoretical advantages for the PD population, as it emanates from
the creatinine content of urine and dialysate. Collection of
24-hour urine and dialysate is regularly done in most PD pro-
grams for the evaluation of dialysis efficacy.
At our unit, we monitor the nutritional status by measuring
total body potassium content (TBK) at regular intervals. The aim
of the present study is to assess the reliability of CGR as a method
to measure LBM in PD patients, with TBK measurements as the
reference method.
Methods
Patients
Thirty-five PD patients (23 men, 12 women) with a mean age of
59 years (range 28 to 83 years) were investigated. Mean body mass
index (BMI) was 23.1 kg/m2 (range 15,3 to 35.8). The diagnoses
were chronic glomcrulonephritis (N = 14), diabetic ncphropathy
(N = 6), chronic interstitial nephritis (N = 7), amyloidosis (N =
2), polycystic kidney disease (N = 3), and single patients with
SLE, obstructive nephropathy and unclassified nephropathy.
Study design
Two separate studies were performed in these patients.
Study A (34 patients). LBM derived from CGR was compared to
LBM derived from TBK. Both examinations were made within
one week, usually in two consecutive days, on an outpatient basis
as part of a regular follow-up. Ten patients had repeated investi-
gations.
Results are reported from 48 simultaneous investigations of
CGR and TBK.
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Fig. 1. A. LBM derived from TBK is related to
CGR(1):
y = 0.025 X CGR(1) + 21.567, r = 0.774
B. LBM derived from TBK is related to CGR(2):
y = 0.022 X CGR(2) + 18.636, r =0.805.
Study B (11 patients). The short term reproducibility of
LBMCGR in single patients was analyzed by repeated determina-
tions of LBMCGR in a three to four month period and compared
to the parallel! changes of body wt.
The patients were considered to be clinically stable. Five
patients were examined several times during one to two weeks,
and the remaining patients had repeated TBK-measurements
during the study, the result of which rule out a loss of LBM (not
shown).
In both studies, two different methods for calculation of CGR
were used.
Creatinine generation rate (1) calculation
Creatinine generation rate (1) [CGR(1)J was calculated from
total creatinine excretion in urine and dialysate and the 24-hour
changes of the creatinine pool, using the principle of mass
balance:
CGR(1) = (Cr2 — Cr1) X k X bodywt + C11 x V, + I(Cd X V)
(Eq.1)
where C is the plasma concentration (p and P2' 24 hr interval),
urine concentration (u), dialysate concentration (d), V is 24-hr
urine collection, k is the fraction of body wt accounted for by the
distribution volume of creatinine, that is 60%, and Vd is dialysate
volume.
Creatinine generation rate (2) calculation
Creatinine generation rate (2) was calculated from creatinine
excretion in dialysate and urine, 24 hour change of creatinine pool
and metabolic degradation [11]
CGR(2) = CGR(1) + metabolic degradation (Eq. 2)
Metabolic degradation = 0.38 X serum creatinine (mg/dI) X body wt
LBM was assessed from CGR in two different ways according to
Forbes: diet ad libitum [12]
LBM (kg) = 7.38 + 0.02908 x CGR (Eq. 3)
and meat-free diet [13]
Total body potassium
Total body potassium (TBK) was measured from the gamma
radiation of the natural isotope 40K in a whole body counter [14].
LBM was calculated as TBK/68.1 [151.
Observed TBK was related to predicted TBK (TBKO,) for each
individual according to Bruce et a! [16].
Creatinine
Creatinine concentration in serum, urine and dialysate was
analyzed by a Jaffé method by the Department of Clinical
Chemistry at this hospital. Creatinine in dialysate was corrected
for glucose interference.
Diet
The patients were recommended a protein intake of 1.2 to 1.4
g/kg body wt/24 hr. Their general compliance to dietary counsel-
ling was checked as part of the regular follow-up, but food intake
was not measured through dietary records or other means.
Results
Study A
The regression equation for LBMTBK on CGR(1) was
y = 0.025 x CGR(1) + 21.567
with a correlation coefficient of 0.774 (Fig. 1A).
The regression equation for LBMTaK on CGR(2) including
"metabolic degradation" was
y 0.022 x CGR(2) + 18.636
with a correlation coefficient of 0.805 (Fig. IB).
When LBMCGR was calculated according to the equation based
on an ad libitum diet (Eq. 3) and compared to LBMTBK, the
relation was
y 0.86 X LBMcGR(l) + 15.237; r = 0.773 (Fig. 2A) or
y = 0.75 >< LBMCGR(Z) + 13.108; r = 0.805 (Fig. 2B).
With the equation based on a meat-free diet (Eq. 4), the
relation between LBMTBK and LBMCGR(I) was
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LBM (kg) = 20.7 + 0.0241 X CGR (Eq. 4) y = 1.033 X LBMCGR(I) + 0.188; r = 0.774 (Fig. 2C).
CD
F-
Johansson et al: Creatinine generation rate and lean body mass 857
c
CD
I-
czi
CD
I-
LBMCGR(l) kg LBMCGR (2)' kg LBMCGR (1)' kg
Fig. 2. A. LBM derived from TBK is related to LBM derived from CGR(1), ad libitum diet (Eq. 3).
y = 0.86 X LBMCGR(I) + 15.237, r = 0.773
B. LBM derived from TBK is related to LBM derived from CGR(2), ad libitum diet (Eq. 3):
y = 0.75 X LBMCGR(2) + 13.108, r = 0.805
C. LBM derived from TBK is related to LBM derived from CGR(1), meat free diet (Eq. 4):
y = 1.033 X LBMCGR(l) + 0.188, r = 0.744.
Mean LBM (N = 48) was 44.0 kg when evaluated from TBK
measurements and 34.2 kg, 43.0 kg and 42.0 kg when estimated
from the CGR(1) ad libitum diet, the CGR(1) meat free diet, and
the CGR(2) ad libitum diet, respectively. These results show that
CGR underestimated LBM when compared to TBK, but to a
lesser degree when "metabolic degradation" of creatinine was
included or when the equation for meat-free diet was used.
The mean observed TBK in this patient population was 3036
820 mmol, resulting in a TBKOI of 0.93, with a confidence interval
of 0.891 to 0.968.
Study B
Eleven patients were examined at least three times within three
to four months. The mean coefficient of variation (CV) was 14.2%
(range 1.4 to 27.4) for LBMCGR(l) (ad libitum diet) while the
mean CV was 1.4% (range 0 to 4.2) for body wt (Table 1).
One patient, K.L., was investigated six times during seven
months. At four occasions, TBK was measured simultaneously.
The results are shown in Table 2.
Discussion
Table 1. Body wt and LBM calculated from CGR(1) (Eq. 1) and ad
libitum diet (Eq. 3) in 11 PD patients
Patient
Body wt kg LBM kg
Mean Range CV% Mean Range CV%
IA
RE
AMJ
AL
KL
KJ
TK
AN
AO
SW
MW
52.7
85.0
54.3
75.3
63.1
77.3
93.3
50.3
49.0
77.7
74.0
52—53
85—85
54—55
74—76
62—64
75—81
93—94
50—51
47—51
77—78
74—74
1.1
0.0
1.1
1.3
1.3
4.2
0.6
1.1
4.1
0.7
0.0
30.7
37.9
24.6
27.5
38.4
36.9
54.8
23.0
36.7
49.8
36.2
27.4—34.4
33.7—46.2
22.5—25.8
24.5—34.0
29.4—45.2
25.5—44.7
41.3—68.2
21.9—24.2
26.8—45.9
49.2—50.9
35.7—36.7
11.4
19.1
7.5
15.9
15.7
27.4
24.6
5.0
26.1
2.0
1.4
Mean
sE
SD
1.4
0.427
1.416
14.2
2.863
9.494
For each patient, a minimum of three measurements during 3-4 months
were used.
Determination of LBM in a PD population
The results of the present study indicate that creatinine gener-
ation depends both on muscle mass and on other unrelated
factors, and should therefore not be used for estimation of LBM
in PD patients.
According to the previous investigations by Forbes [12, 131, the
relation between CUR and LBMTBK varies depending on the
meat content of the diet. Forbes' first study group was on a free
diet, probably a normal Western high meat diet, providing
exogenous creatinine, The second group was on a meat free diet
for several days before urine collection.
The relationship between LBMTBK and CGR in our study
resembles the equation of Forbes' meat free diet group, suggest-
ing that the PD patients examined had a low creatine intake. The
first equation of Forbes is the equation recommended by Kesha-
viah et al [21 and Lo et al [17] and others. However, this
recommendation may not be valid for PD patients, resulting in a
systematical underestimation of LBM when the meat content of
diet is low.
Depending on the methods for calculation of CGR, the corre-
lation coefficient for CGR and LBMTBK is 0.774 or 0.805. This is
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Table 2. Body wt, LBMTBK and LBMCGR(I) in a male patient (ICE)
investigated 6 times during 7 months
BW LBMIBK
—
LBMcOP.(l)
Date kg
Feb 16, 1993 63 45.5 35.3
March 25, 1993 63 46.5 43.1
May 12, 1993 62 — 36.5
June 22, 1993 64 46.5 45.2
Aug 2, 1993 63 — 32.4
Sept 14, 1993 64 43.6 29.4
in contrast to Forbes' original work in which an excellent corre-
lation (r = 0.9878) was found [121. On the other hand, Chattaway,
Hullin and Odds found correlation coefficients of 0.62 and 0.55,
respectively, when studying two patients weekly for 57 and 48
weeks [71. Also, Lo et al [17], who examined 9 PD patients, found
a correlation coefficient of 0,958 for LBMTRK to LBMCGR using
the equation for ad libitum diet and including "metabolic degra-
dation" of creatinine. In 8 out of 48 analyses in our study, we also
found a good correlation between LBMTBK and LBMCG(I) (ad
libitum diet), which differs by 2 kg at most. The results of Lo et al
should be confirmed in a larger series of patients.
There are several reports of the variation of the rate of
creatinine excretion in individuals with no dietary restrictions [4,
18, 19]. Even under controlled conditions and with a standardized
diet, considerable variations in daily creatinine excretion could be
found [5, 7, 8, 20].
In healthy individuals, several factors influence creatinine ex-
cretion including physical activity, hormonal balance, diurnal
GFR variations and variations in tubular reabsorption of creati-
nine. If anything, the situation is more complex in dialysis
patients.
In addition, there is the "timing error," that is, the inability "to
synchronize physiologic and chronologic sampling" [8]. Repeated
examinations over several days minimizes the effect of "timing
error" but makes the method less convenient for standard use.
The urine volume of PD patients could also vary considerably
depending on the degree of hydration, and the influence of
"timing error" could thus be significant in these patients.
Moreover, there is a variation in the rate of conversion from
creatine to creatinine (1.1 to 2.6% per day) that in part is
depending on the interrelationship between creatine and phos-
phocreatine [81. With a large creatine pooi, small changes in this
relationship may result in considerable differences in daily creat-
mine excretion [6].
Furthermore, CGR seems to be altered in catabolic states [6].
The difference between mean values of LBMIUK and LBM(GR
can be reduced by using the factor "metabolic degradation" as a
component of creatinine generation. However, the concept of
metabolic degradation is highly questionable for several reasons.
Firstly, it comes from the assumption, that muscle mass can be
calculated in uremie patients in the same way as in healthy
subjects. As a consequence, there is a "creatinine deficit" in
uremia [21]. This postulate could be questioned. The reduced
TBKOI in this study indicates a reduced muscle mass, which is in
accordance with previous studies [22, 23]. Secondly, the conver-
sion rate of creatine to creatinine could be different in patients
with high serum levels of creatinine. Thirdly, creatine production
rate or creatine concentration in muscle could be affected by
uremia [24, 251.
Even if there is an increased "metabolic clearance" of creati-
nine in uremia, the variability of this clearance is so great [111, that
its use as a "correction factor" when estimating LBM may not be
justified, as discussed by Walser [26]. It should be noted, that the
magnitude of "metabolic degradation" is based on few observa-
tions (N = 9) with a wide range (0 to 88.3 jsmol/kg body wt/24 hr).
Therefore, creatine and creatinine metabolism in uremia must be
studied further, if this factor is to be included in the calculation of
LBM.
Short time variations of LBM in individual patients
The coefficient of variation for urinary 24-hour ereatinine
excretion has been reported to be 6 to 11% or more [5, 7, 8, 20,
271. In Forbes' original study, the coefficient of variation for
creatinine excretion was 6.9% (1.4 to 19.5) during a collection
period of 3 to 30 days. In contrast, the CV for TBK in individuals
with LBM of 30 kg or more was much less, 1.8 to 2.7% [121.
Earlier studies from our laboratory has also shown a low so, 1.6%
[14], or 80 mmol in a single potassium determination [16].
The mean CV of LBMCGR(I), 14.2%, is somewhat larger than
in the creatinine studies cited, resulting in estimations of changes
that would be absurd during a short period of time. This is
illustrated by the repeated measurements of the patient K.L.
LBMTBK is fairly constant, as is body wt, while LBMCGR shows a
variation of about 10 kg between observations.
The same variations are found regardless of the equation used
to calculate LBM from CGR. Our first method of calculating
creatinine generation rate, CGR(1), includes the usually minor
change of the creatinine pool during the day of examination, the
creatinine excretion in urine and dialysate, but not fecal losses.
However, the fecal excretion of creatinine in uremia is considered
to be of the same magnitude as in healthy subjects [28].
During the day of examination, the patients maintained their
habitual food intake as previously recommended. In our PD
population, large dietary variations are not uncommon. In the
absence of dietary records, we could only speculate of what
equation to use when estimating LBM (Eq. 3 or 4). Notably, the
intercept of these equations differ by 13 kg!
Creatinine kinetics and patient compliance
Earlier, creatinine excretion was used to estimate the complete-
ness of individual 24-hour urinary collections but was abandoned
because of its variability. Therefore, it is most likely that the
estimations of compliance among PD patients by means of CGR
are incorrect. The percentages of noncompliant patients, 26% [29]
or 22% [30], may he smaller or greater. They may even be correct,
but the data on which they are based are unreliable.
Albeit attractive in its simplicity, COR cannot be regarded as an
accurate measure of LBM in PD patients because of an unaccept-
ably high variability and low reproducibility, In dialysis patients
with an altered state of hydration, the concept of LBM could be
misleading, as it includes not only body cell mass, but also
extracellular water. The ideal method to evaluate nutritional
status for clinical use in dialysis patients is yet to be identified.
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